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Abstract : Trace metals concentrations in the tissue of edible marine fish (4 species), olive flounder (Paralichthys olivaceus),
Korean rockfish (Sebastes schlegelii), file fish (Stephanolepis cirrhifer) and abbysal searobin (Lepidotrigla abyssalis), collected near
the Yongho wharf in Busan were determined to assess the potential human health risk (HRA) of trace metals by fish consumption.
Levels of Li, Cr, Ni, Cu, Zn, As, Cd, and Pb in the fish tissue were 0.005 £ 0.009, 0.77 +0.30, 0.29 +0.34, 0.49 +0.14, 15.96
+2.52, 10.62+£4.67, 0.001 £0.002, and 0.045 +0.06 mg/kg dw respectively. The estimated daily intakes of Cu and Zn and the
estimated weekly intakes of As, Cd, and Pb from the fish collected near the Yongho wharf were 0.0032, 0.054-0.18% of PMTDI
(provisional maximum tolerable daily intake) and 13, 0.0041, 0.020% of PTWI (provisional tolerable weekly intake) which were
set to evaluate the food safeties by the JFCFA (The Joint FAO/WHO Expert Committee on Food Additives). Lifetime cancer risk
and target hazard for local residents due to those fish consumption were found to be negligible.
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Fig. 1. Sampling locations of fish samples near the Yongho
wharf of Busan, Korea,
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Table 1. Biological information on fish samples collected from the offshore of Yongho wharf in Busan, Korea in 2012

Common  Number of

Average consumption

Scientific name name pool Weight (g) Length (cm)  Lipid%  Moisture (%) rate (g day)a> Habitat
Paralichthys olivaceus fl(?:i;’grer 5 10278 + 1845 458+30 15+04 89+ 21 292 benthic
Sebastes schlegeli rzzﬁzr; 12 1784 + 869 214+27 46+17 78+31 0.81 benthic
Stephanolepis cirhifer  File fish 11 1437 + 488 216+28 14+12 33+02 1.80 benthic
Lepidotrigla abyssalis Séi{ii?r'] 7 2078+286 281+12 43+03 82+52 0.04 benthic

¥ Reference data for consumption rate of those species in Korea®

cirrhiffer), $-2(korean rockfish, Sabastes schlegelii) 49|
slen] 242t s, 12, 11, 7441 B0l ALgatolet. olFA
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Table 2. Trace metal concentrations in fish species collected from the offshore of Yongho wharf in Busan, Korea

EF : =%HI%(365 day/year)

RID, : W74 Te% LX) (mg/ke-day)’”

BW : BdA5(60 kg)

AT v]rrEAof gt HF =& A|7H365 day/year x

number of exposure years, assuming 70 years)
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BAF GEHE QA AW olFY L& W vFF4
Li, Cr, Ni, Cu, Zn, As, Cd, Pb 359 X A7}E Table 2

of ehfgch BAE RE ofF zAYe] 2t ugaLo
Yt 529 &Y= Zn>As>Cr>Cu>Ni>Pb>Li>Cd
Fom Hidsr= 77 1596 +£2.52, 10.62 +£4.67, 0.77 +
0.30, 0.49£0.14, 0.29 £0.34, 0.045 = 0.06, 0.005 £ 0.009,
0.001 +£0.002 mg/kg dwo|ict.

55 (mg/kg wet weight, mg/kg ww)o &2 JHAMSE LiQ)
SEHY+= nd.-0.003 mgkg wwZ FA S F 2] o A
0.003 +£0.003 mg/kg wwi 7P =9ton QgoAs A&
G2 B0k &5, SAE A AR 5o utHow Li
o ol Slonl T B2l Y G

=S ) Bare
=L dHA 3 °Ur Hid XPiﬂ 7%«1 “EP = a

1=

A 2£9] Cr2 nd.-0.56 mg/kg wwo] W= HEE
BgreFo] 0.56 mgkg wwo 2 71 &=gko
o g2k o] ZH7} 0.04, 0.05 mgkg wwo 2 UERLE
ZToll WE AolE KAt & RAPA Y] ofF 224 F Cr
FEE Hwang™”o] Bugh 4k sjAto] 7] Cr 55(0.05+
0,05 mg/kg ww)ET} Bl A 1 £ ASZ Yepgow, B
et A 9] A HlEolFolA 4 F%=(31+32 mgkg
ww)ith @45 Wokth 371 Cr D4 n|FgYag g
A1) tatel] Hofstm, Thuld Fafdwolch ¥ 67} o]
22 WhgAdo] Zetal mAdo] glom Edwol kol

unit: mg/kg dw

Li Cr Ni Cu Zn As Cd Pb
P, olivaceus 0005+ 0011 028+016 016+005 046+007 1441 +£040 867 +330 0,002+ 0,003 0,027+ 0,031
S. schiegelii nd.? 023 +0.16 0077 0059 037 =009 1481 +105 958 +490 nd? 0.027 + 0.029
S cirhifer 0005+ 0005 042 +042 089+040 063+017 2083 =102 982+020 nd? 0.019 + 0.001
L abyssals 0011 +0011 075+005 032+012 061+007 1667 +019 1787 +209 nd? 0.14 = 0.054
Range nd.-0.025 0.79-0.84 0.009-1.29 0.27-0.79 13.63-21.85  3.61-19.96 nd-0.008 nd-0.20
Mean 0.005 0.77 0.29 0.49 15.96 10.62 0.001 0.045

2 Not detected
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Table 3. Estimated daily intake, estimated weekly intake of trace metals from fishes collected from the offshore of Yongho wharf
in Busan and PTWI and PMTDI of trace metals by FAO/WHO

Li Cr Ni Cu Zn As Cd Pb
EDI? (ug/kg - bw-day) 1.3.E-04 1.1 E-02 1.9.E-02 1.6.E-02 54 E-01 2.7 E-01 8.3.E-06 6.1.E-04
Ew® (ng/kg- bw-week) 9.0.E-04 7.8 E-02 1.3.E-01 1.1.E-01 3.8 19 5.8.E-05 4 3 E-08
PMTDI (ug/kg- bw-day) - - - 500 300-1000 - - -
PTWI (ug/kg- bw-week) - - - - - 15 7 25
% PMTDI? - - - 0.0032 0.054-0.18 - - -
% PTWI? - - - . . 13 0.0041 0.020
3 Estimated Daily Intake of trace metals
® Estimated Weekly Intake of trace metals
% 9% PMTDI = EDI/PMTDI * 100
9 9% PTWI = EWI/PTWI * 100
AF o] 2 =2H71E AAstFon A3E Table 3¢ Table 4. Target hazard quotients (THQ), hazard indices (HI) of

v glet.

A==
|oiF QS

4 A" F2, 9=, F=, 7ol
Z AFef 9t 719 Li, Cr, Ni, Cu, Zn, As, Cd, Pb9] 1
4 A =&TH60 kg A2l 7)15)2 Z+ZF 1.3.E-04, 1.1.E-02,
1.9.E-02, 1.6.E-02, 5.4.E-01, 2.7.E-01, 8.3.E-06, 6.1.E-04 pn
g/kg-bw-dayR 2™ Zn>As>Ni>Cu>Cr>Pb>Li>Cd &
o]gick. PMTDI 2k} ulmgh A7 B4 o]FE2 53 Cu,
Zn9] 121 19 AF =S PMTDIY 0.0032, 0.054-0.18% %
UER o™, As, Cd, Pbo] TS 22 PTWIRES] 13,

0.0041, 0.020%= FAO/WHOO|A A3t AatA e =74
AEQTE 2 Ang & o f2juhet Svlo] &5k Qe
A el 459 MAolF AFE Bote] aF 9 dFYe|
2% Cu, Zn, As, Cd, Pb2] ¢f2 oPHSE 422291 o=
UFERSE T

3.2.2. 2-U34I 2 el BH

SontollA AHE ofF2 A7A] AHE At Y=
£ Z245t7] flste] - viEFa4 ol it vl k(=
DN =(THQ)C flalde] e BE v&ase] =&
o5k v =A s =(HDE Jﬂﬂé}‘ﬂaﬂi A1E Table 4

of eIt dutA oz ujuket=Aolsx 4227} 1.0 u
ulo] Ao EAjo] BIYEF 7 %go] = Ao=ZE 7HF
gty A ST HEE AT dolA A== FAl, §
o, 7%, wa7dole] 4ol ol%t THQ: Li, Cu, Zn, As,
CdRLF 1.0KTE mf & o fzog =4 uby 71540
e we Ao etk 24 BE 4747 olRe] 4]
F ol o3t HI (9.2.E-04)2A] 1.0 n]gto 2 EAubal 7hsA]
o] mj$ orom ZAlE uw|EZEE0] AF e 9%
L As>Zn>Cu>Li>Cd £0= eyttt HIE g3, &
2, #%|, Wdzyo] 7} k2 3.4E-07, 1.7E-07, 1.8E-06, 9.2E-
098 Ueht didges 27t vigad AR Qg v
oK =) w7} 7MY =2 Aoz YEelyt) o] Aute
Choi”'¢] &3 HE QlZoA AFH oFo] FHE PCBs
9 7] Fore] MR olsh wjurghelaEe] Hakt
SEEEES

the trace metals in fish collected in the offshore of
Yongho wharf, Busan, Korea and oral reference dose
(RfDo) of the trace metals

THQ
Species HI
Li Cu Zn As Cd

P olivaceus 15E-08 62E-08 26E-07 15E-04 83E-09 34E-07
S. schlegeli 00E+00 27E-08 15E-07 95E-05 00E+00 1.7E-07
S. cirhifer  49E-08 31E-07 14E-06 ©66E-04 00E+00 18E-06
L abyssalis 68E-10 18E-09 6.7E-09 71E-06 00E+00 9.2E-09

Total 6.4E-08 41E-07 18E-06 91E-04 83E-09 92E-04

RfDo

1 0E-03"
(mg/kg-day) )

2.0E-03" 4.0E-02” 30E-01% 3.0E-04"

4 PPRTV: Provisional Peer Reviewed Toxicity Values derived by EPA’s
Superfund Health Risk Technical Support Center (STSC)
”RIS: Integrated Risk Information System of US EPA

Table 5. Lifetime cancer risk of As in fish collected from the
offshore of Yongho wharf in Busan

P S. S L,

olivaceus  schlegelii ~ cirhifer —~ abyssalis Total

Lifetime

) 7 .0E-08
cancer risk

43E-08 3.0E-07 32E-09 41E-07

US EPA9] IRIS ©o]g] H|o]Ao| o|ahH ujekds Zo|A
AsTl o1x] urel ZAY gro] AP Elo] glo], B oIl A
= As9] gHol oJgh Aol =(LCR)TE B 715}5 Tt
Aso] HHE Qg %‘Q%‘XHEQ(CSFO) 2=2]9] 1.5 mg/kg-day
<& o] g8lo] LCRS AHEstgon A3E Table 50l Lieh
ATk 2ALE ol 454 X2 93k AA4 LCRS 4.1E-07
(142rEg 41%) 02 US EPA oA AA|sH= 3]493=
Q1 LOE-5 (149hg e 1)} uf-9- wrol ere|d o 2K e
OFASH Ao g wehE gt

4. 24

rhu

B Ao A 2t oFH| & 2009 o] 4] 20121 Ato] =]
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2 Ashbelo] o] ozl FAkY §ENFQITLA F2
ot A golF 4% 35utelE Yo 2H(2) e

Fa5o BHS F 09 PES sebsidnh olF =
2] 2 Li, Cr, Ni, Cu, Zn, As, Cd, Pb2] 0.005 = 0.009, 0.77
+0.30, 0.29+0.34, 0.49+0.14, 15.96 +2.52, 10.62 +4.67,
0.001 +£0.002, 0.045+0.06 mg/kg dwo 2 YeElFon e
AT HAR AVET GARE G Btk SERE
QI ol5o) mleFEd P EAARE Y of §Y
NN AHE ARHAS B nlFFE AA| wEF 242
2 ARIHY FIHE AASIT =BT ABE FAO/
WHOO A A A5} PTWI, PMTDI®} ¥|wdt A3} Cu, Zn
2 PMTDI®] 0.0032, 0.054-0.18%, As, Cd, Pbi= PTWIFLS]
13, 0.0041, 0.020% = tjAro] 75 &3t Cu, Zn, As, Cd, Pb
o HAGES ARAG AT FE Ao ehy
ok eIRY AVIHoR HASRAS W BE v
o] weZo] I3 MAPEA AN EH)E 439 ol Foll 4 =
£ L0 vjRo 2 BrhElo] BAWA 7hsAo] v vhe 2
o Uehgth 248 4714 olFE BE YHAL 1)
o1 F THE Asel HAR Qg AP HE(LCR)E
1A 41 o2 k&5 o] US EPASA AAIRE 881
FYHES 10 ET 1902 2WshA] gpol BAL HA
stolw wereldol A9 gl Ao bt

aYuE ATE o)A Felt YA, 9, FX, v
Aol njErRa oglo] AT ARl ow ARt
R AN FEUFS T AT W JFS W)
= shul, AAFEY Fol, A4x TSt mret A%
wWete 4 ek IBE Aol s g s
HeAelo) Aol olo] whE AW, 123 o] sl
AASHE 2418 AUY 2 g8 3
3 AR At Basith £ HFePH AR S
(24) A AT 5 9k HAE R, 1
W AR RS = E F7HE UL %
2 AP GH AR PEAAS AT FS A A,
szwshmel ohe} o) QI FWAE Ao nled
wato] tat F2, W7k G4 BRY RO woH,

Acknowledgement

B ATE it Agos dEsae|&uE
A9 AAXE7Fs LA AR oL 5% u
AGH7]4, PM 582302 Ho} 43 Hgl7le] 5L
AR i REA AAE E-YLh

g

KSEE

References

1. Thornton, M. and Walsh, J. N., A handbook of inductively
coupled plasma spectrometry, 2nd ed, Blackie, Glasgow and

10.

11.

12.

13.

13.

15.

16.

17.

18.

London, p. 501(1983).

Alloy, B. J., Heavy metals in soils, Blackie and Son Ltd.,
UK(1983).

Marin, B., Valladon, M., Polve, M. and Monaco, A., “Repro-
ducibility testing of a sequential extraction scheme for the
determination of trace metal speciation in a marine reference
sediment by inductively coupled plasma-mass spectrometry,”
Anal. Chim. Acta., 342, 91~112(1997).

Petronio, B. M., Pietrantonio, M., Pietrolettti, M. and Cadel-
licchio, N., “Environmental science and pollution research,”
In proceedings Seventh FECS Conference, Metal speciation
and bio-availability in marine sediments of Nothern Adiatic
sea, p. 320(2000).

Morel, F. M. M. and Price, N. M., “The biogeochemical
cycles of trace metals in the oceans,” Science, 300, 944~
947(2003).

Hirose, K., “Chemical speciation of trace metals in seawater:
a review,” Anal. Sci., 22, 1055~1061(2006).

FAO (Food and Agriculture Organization of the United Na-
tions), 1961-2007, Fish and Fishery Products World Appa-
rent Consumption Statistics Based on Food Balance Sheets
(2010).

Kim, H. Y., Kim, J. C., Kim, J. H., Jang, Y. M., Lee, M.
S., Park, J. S. and Lee, K. H., “Monitoring of heavy metals
in fishes in Korea-As, Cd, Cu, Pb, Mn, Zn, Total Hg-,”
Korean J. Food Sci. Technol., 39(4), 353~359(2007).
KREI (Korean Rural Economic Institute), Sheet Korea Food
Balance 2012, Seoul, Korea, p. 12(2013).

Won, E. J., La, K. T., Hong, S. J., Kim, K. T., Lee, J. S.
and Shin, K. H., “Effect of Trace Metal on Accumulation
and Physiological Response of the Polychaete, Perinereis
nuntia,” J. Korean Soc. Mar. Environ. Eng., 13(4), 288~295
(2010).

WHO (World Health Organization), Arsenic, Environmental
Health Criteria No. 18, WHO, Geneva(1989).

WHO (World Health Organization), Lead, Environmental
Health Criteria No. 175, WHO, Geneva(1995).

WHO (World Health Organization), Mercury, Environmental
Health Criteria No. 18, WHO, Geneva(1989).

WHO (World Health Organization), Cadmium, Environmental
Health Criteria No. 135, WHO, Geneva(1992).

Sho, Y. S., Kim, J. S., Chung, S. Y., Kim, M. and Hong,
M. K., “Trace metal contents in fishes and shellfishes and
their safety evaluations,” J. Korean Soc. Food Sci. Nutr., 29
(4), 549~554(2000).

Codex Alimentarius Commission, Draft Report of the 38"
Session of the Codex Committee on Food Additives and
Contaminants. ALINORM 06/29/41, Hague, Netherlands(2006).
Lee, J. S. and Chon, H. T., “Human risk assessment of toxic
heavy metals around abandoned metal mine sites,” Econ.
Environ. Geol., 37(1), 73~86(2004).

Choi, M. K., Moon, H. B. and Choi, H. G., “Intake and
potential health risk of butyltin compounds from seafood
consumption in Korea,” Arch. Environ. Contam. Toxicol., 62,
333~340(2012).

CHEHEZ 2 EtE|x| | ®|377 M6 20154 62 ||



356 ,

J. Korean Soc. Environ. Eng.
F - 4EH

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Moon, H. B. and Ok, G., “Dietary intake of PCDDs, PCDFs
and dioxin-like PCBs, due to the consumption of various
marine organisms from Korea,” Chemosphere, 62, 1142~1152
(2006).

Moon, B. H., Park, B. K. and Kim, H. S., “Human health
risk of chlorobenzenes associated with seafood consumption
in Korea,” Toxicol. Environ. Health Sci., 1(1), 49~55(2009).
Choi, J. Y., Yang, D. B., Hong, G. H. and Shin, K. H.,
“Distribution and bioaccumulation of polychlorinated bip-
henyls and organochlorine pesticides residues in sediments
and Manila clams (Ruditapes philippinarum) from along the
Mid-Western coast of Korea,” Mar. Pollut. Bull., 85, 672~
678(2014).

Choi, J. Y., Yang, D. B., Hong, G. H., Kim, S. H., Chung,
C. S. and Cho, K. D., “Potential human risk assessment of
PCBs and OCPs in edible fish collected from the offshore
of Busan,” J. Korean Soc. Environ. Eng., 34(12), 810~820
(2012).

Lee, J. S. and Chon, H, T., “Risk assessment of arsenic by
human exposure of contaminated Soil, groundwater and rice
grain,” Eco. Environ. Geol., 38(5), 535~545(2005).

Lee, J. S., Kwon, H. H, Shim, Y. S. and Kim, T. H., “Risk
assessment of heavy metals in the vicinity of the abandoned
metal mine areas,” J. Soil Groundwater Environ., 12(1),
97~102(2007).

Jun, J. Y., Xu, H. M. and Jeong, 1. H., “Heavy metal con-
tents of fish collected from the Korean coast of the East Sea
(Dong Hae),” J. Korean Fish. Soc., 40(6), 362~366(2007).
Yang, D. B., Hong, G. H. and Kim, K. R., “Potential hu-
man health and fish risks associated with hypothetical con-
taminated sediments using a risk assessment model (Trophic
Trace®),” J. Korean Soc. Environ. Eng., 33(1), 60~70(2011).
NRC (National Research Council)/NAS (National Academy
of Sciences), “Risk Assessment in the Federal Government:
Managing the process,” National Academy Press, Washington
(1983).

US EPA Integrated Risk Information System (IRIS), http://
www.epa.gov/iris/, Accessed 1 June(2015).

US EPA, “Guidance for Assessing Chemical Contaminant
Data for Use in Fish Advisories Volume 2 Risk Assessment
and Fish Consumption Limits Third Edition,” EPA 823-B-
00-008, pp. 1~383(2000).

Pérez-Granados, A. M. and Vaquero, M. P., “Silicon, alumi-

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

num, arsenic and lithium: essentiality and human health im-
plications,” J. Nutr. Health Aging., 6(2), 154~162(2002).
NIFDS (National Institute of Food and Drug Safety Evalua-
tion), http://www.nifds.go.kr/, Accessed 1 June(2015).
Hwang, Y. O. and Park, S. G., “Contents of heavy metals
in marine fishes, sold in Seoul,” 4Anal. Sci. Technol., 19(4),
342~351(2006).

Islam, M. S., Ahmed, M. K., Md Habibullah-Al-Mamun,
M. H. and Masunaga, S., “Assessment of trace metals in fish
species of urbanrivers in Bangladesh and health implications,”
Environ. Toxicol. Pharmacol., 39, 347~357(2015).

Chen, J. and Thilly, W. G., “Use of denaturing-gradient gel
electrophoresis to study chromium-induced point mutations in
human cells,” Environ. Health Perspect., 102(3), 227~229
(1994).

Forti, E., Salovaara, S., Cetin, Y., Bulgheroni, A., Pfaller, R.
W. and Prieto, P, “In vitro evaluation of the toxicity induced
by nickel soluble and particulate forms in human airwayepi-
thelial cells,” Toxicol. In Vitro, 25, 454~461(2011).
Ichigawa, Y., “Contents of iron, zinc, and copper,” Food
Sanitat. Res., 33, 75~83(1983).

Licata, P., Trombetta, D., Cristani, M., Naccari, C., Martino,
D., Calo, M. and Naccari, F., “Heavy metals in liver and
muscle of bluefin tuna (Thunnus thynnus) caught in the Straits
of Messina (Sicily, Italy),” Environ. Monit. Assess., 107,
239~248(2005).

Kim, Y. C. and Han, S. H., “A study on heavy metal con-
tents of the fresh water fish, and the shellfish in Koran,” J.
Food Hyg. Saf., 14(3), 305~318(1999).

Choi, S. Y., Food Contamination, Ulsan University Publisher,
Ulsan(1994).

FAO (Food and Agriculture Organization of the United Na-
tions), Summary of evaluation performed by the joint FAO/
WHO Expert Committee on Food Additives (JACFA), Inter-
national Life Science Institute, Geneva, Switzerland(1994).
The Pharmaceutical Society of Japan, Standard Method of
Analysis for Hygienic Chemists-with commentary, Kumwon
Press, Tokyo, Japan(1983).

Reilly, C., Metal contamination of food, Blackwell Science
Ltd. London, UK(2002).

Ham, H. J., “Distribution of Hazardous heavymetals (Hg, Cd,
and Pb) in fishery products, sold at garak wholesale markes
in seoul,” J. Food Hyg. Saf., 17, 146~151(2002).

| Journal of KSEE | Vol.37, No.6 | June, 2015



